A new cannabimimetic phenylacetylindole (cannabipiperidiethanone, 1) has been found as an adulterant in a herbal product which contains two other known synthetic cannabinoids, JWH-122 and JWH-081, and which is distributed illegally in Japan. The identification was based on analyses using GC-MS, LC-MS, high-resolution MS and NMR. Accurate mass spectrum measurement showed the protonated molecular ion peak of 1 at m/z 377. 
Numerous psychotropic products have been made readily available via the Internet. In Japan, various herbal products with brand names such as "Spice" and "herbal incense," hinting at cannabis-like effects, began to appear in 2008, following their advent in several European countries in 2006. In early 2009, we reported that these herbal products contained synthetic cannabinoids such as cannabicyclohexanol (CCH) and JWH-018 as psychoactive adulterants. 1, 2) German groups have also found these compounds in some herbal products. 3) More than 20 synthetic cannabinoids have been detected as psychoactive ingredients in herbal products around the world since 2009, [4] [5] [6] [7] [8] [9] [10] and ten of those cannabinoids-CCH, CP-47,497, JWH-018, JWH-073, JWH-250, JWH-015, JWH-122 (2), JWH-081 (3), JWH-200 and JWH-251-were controlled as designated substances (Shitei-Yakubutsu) under the Pharmaceutical Affairs Law in Japan as of May 2011. Most of these compounds were synthesized as cannabimimetic substances having affinities to cannabinoid CB 1 -THC). During our successive survey of designer drugs distributed in Japan, we found a new compound (1) contained in a herbal product together with two known cannabimimetic substances, JWH-122 (2) and JWH-081 (3) (Fig. 1) . In the present study, we describe the identification of the novel phenylacetylindole (1) and its affinity to cannabinoid CB 1 and CB 2 receptors.
Experimental
Chemicals and Reagents JWH-122 (2), JWH-081 (3) and JWH-250 were purchased from Cayman Chemical Co. (Ann Arbor, MI, U.S.A.). (R)-(ϩ)-WIN-55,212-2 was purchased from Sigma (St. Louis, MO, U.S.A.). All other common chemicals and solvents were of analytical reagent grade or HPLC grade.
Sample for Analysis The analysis sample was purchased via the internet in January 2011 as a herbal product being sold in Japan. The product contained 2 g of mixed dried plants.
Preparation of Sample Solution For qualitative analyses, 10 mg of the herbal product was crushed into powder and extracted with 1 ml of MeOH under ultrasonication for 10 min. After centrifugation (5 min, 3000 rpm), the supernatant solution was passed through a centrifugal filter (Ultrafree-MC, 0.45 mm filter unit; Millipore). If necessary, the solution was diluted with MeOH to a suitable concentration before instrumental analyses.
Analytical Conditions The sample solution was analyzed by GC-MS (electron impact (EI)) and LC-MS (electrospray ionization (ESI)) analyses according to our previous report.
5 ) The accurate mass spectrum of the target compound was measured using a direct analysis in real time (DART) ion source coupled to a time-of-flight (TOF) mass spectrometer (AccuTOF JMS-100LC; JEOL, Tokyo, Japan) in a positive mode.
12) The measurement conditions were as previously reported. 5) For NMR analysis, pyridine-d 5 (99.96%) was purchased from the ISOTEC division of Sigma-Aldrich (St. Louis, MO, U.S.A.). The NMR spectra were obtained on ECA-600 spectrometers (JEOL). Assignments were made via 1 H-NMR, 13 C-NMR, heteronuclear multiple quantum coherence (HMQC), heteronuclear multiple-bond correlation (HMBC), double quantum filtered correlation spectroscopy (DQF-COSY), one-dimensional total correlation spectroscopy (1D-TOCSY), and rotating frame nuclear Overhauser effect (ROE) spectra. For isolation of the compound, recycling preparative HPLC (Japan Analytical Industry, Tokyo, Japan) was used with a JAIGEL-GS310 column (500 mmϫ20 mm i.d.; Japan Analytical Industry) and monitored by UV absorbance and refractive index (RI) detectors.
Isolation of Compound 1 A 2-g sample of the herbal product was extracted with 150 ml of CHCl 3 /MeOH (1 : 1) by ultrasonication for 1 h. The extractions were repeated three times, and the supernatant fractions were combined and evaporated to dryness. The extract was placed on a preparative TLC plate (Silica Gel 60, 20ϫ20 cm, 2 mm; Merck, Darmdstadt, GerChem. Pharm. Bull. 59(9) 1203-1205 (2011) © 2011 Pharmaceutical Society of Japan * To whom correspondence should be addressed. e-mail: goda@nihs.go.jp 
Results and Discussion
Identification of Compound 1 An unknown peak 1 was detected along with two major peaks 2 (JWH-122) and 3 (JWH-081) in the GC-MS and LC-MS chromatograms of the herbal product (data not shown). The compounds for the peaks 2 and 3 were completely identical to JWH-122 and JWH-081, respectively, by direct comparison with the authentic samples. 5, 9) The unknown peak 1 at 52.67 min in the GC-MS chromatogram showed a mass spectrum having 12 major ion peaks, as shown in Fig. 2 . The LC-MS analysis determined that the peak 1 at 4.4 min showed a major ion peak at m/z 377 [MϩH] ϩ and absorbance maxima at 242 and 300 nm of the UV spectrum (data not shown). In the accurate mass spectrum obtained by DART-TOF-MS with direct exposure of the sample extract to the ion source, the major ion peak showed a protonated molecular ion peak ([MϩH] C-NMR spectra of 1 exhibited 28 protons and 24 carbons as shown in Table 1 . The NMR spectra of 1 (Table 1, Fig. 3) showed the presence of a methoxy group, a carbonyl carbon (C-1) with a methylene group which was adjacent to the carbonyl group (position-2), an indole group (positions-2Ј, 3Ј, 3Јa, 4Ј, 5Ј, 6Ј, 7Ј, 7Јa) and a phenyl group (positions-1ٞ to 6ٞ). These spectra were very similar to those of the o-methoxy phenylacetyl indole, JWH-250 (Fig. 1,  Table 1 ), except for the remaining data indicating a C 7 H 14 N 1 1204
Vol. 59, No. 9 unit in place of the n-pentyl group. The HMBC and ROE spectra of 1 confirmed that the indole, methoxy, phenyl and acetyl groups were in the same arrangement as in JWH-250 (Figs. 1, 3) . The 13 C-carbon, the HMQC, the DQF-COSY and the 1D-TOCSY spectra of the remaining unit suggested the existence of a 1,2,6-substiuted hexane moiety and one independent methyl group. The chemical shifts at the three carbons of C-2Љ, C-6Љ and the independent methyl suggested that these carbons were connected to the nitrogen atom, and the HMBC correlations between the methylene protons (H-6Љ) and the methine carbon (C-2Љ) and between the N-methyl protons at d H 2.34 and the C-2Љ and C-6Љ carbons confirmed that the remaining unit of 1 was a N-methylpiperidin-2-ylmethyl group (Fig. 3) . The connection of the remaining unit to the indole nitrogen was revealed by the HMBC correlations from the bridging methylene protons (N-CH 2 ) to the two carbons (C-2Ј, C-7Јa) and from the methine proton at the 2Ј-position to the bridging methylene carbon (N-CH 2 ) (Fig.  3) . The observed ROE correlations also supported the structure, as shown in Fig. 3 . On the basis of these mass and NMR spectral data (Figs. 2, 3, Table 1 ), the structure of compound 1 was finally deduced as 2-(2-methoxyphenyl)-1-{1-[(1-methylpiperidin-2-yl)methyl]-1H-indol-3-yl}ethanone. This is the first report of this compound, and it was revealed that 1 has a mixed structure of known cannabimimetic compounds: JWH-250 and AM-2233 (Fig. 1) . Considering its structure, compound 1 has been named cannabipiperidiethanone. By using chiral HPLC analysis, compound 1 has been revealed to exist as a racemic mixture (data not shown).
Binding Activity of Compound 1 to Cannabinoid CB 1 and CB 2 Receptors No chemical or biological information about compound 1 has yet been reported. However, 1 has a mixed structure of known cannabimimetic compounds, JWH-250 and AM-2233 (a racemic compound), and both compounds have been reported to possess affinity to cannabinoid CB 1 and CB 2 receptors (JWH-250: K i ϭ11, 33 nM, respectively; AM-2233: K i ϭ2.8, 2.9 nM, respectively). 13, 14) Therefore, we thought that 1 might have some cannabinoid receptor-binding activity. Subsequently, the binding affinity of 1 to cannabinoid CB 1 and CB 2 receptors was determined in competition with agonist [ Table 2 . As a result, 1 was shown to have affinity for the CB 1 and CB 2 receptors (IC 50 ϭ591, 968 nM, respectively), and to have 1.6-fold selectivity for the CB 1 receptor ( Table 2 ). The affinities of 1 for the CB 1 and CB 2 receptors were 2.3-and 9.4-fold lower than those of JWH-250, and 13-and 70-fold lower than those of (R)-(ϩ)-WIN-55,212-2, as shown in Table 2 . Since the chiral resolution of AM-2233 has been reported and the (R)-(ϩ)-enantiomer has very high affinities for the CB 1 and CB 2 receptors, 300-and 260-fold greater than those of the (S)-(Ϫ)-enantiomer, 14) it might be of additional interest to determine the affinities of each enantiomer of 1 from the view point of medicinal chemistry.
In this study, we first identified a novel cannabimimetic compound (1) in an illegal product and revealed its affinity for cannabinoid CB 1 /CB 2 receptors. When certain synthetic cannabinoids became controlled substances under Japanese law, new analogs of the controlled substances replaced them as adulterants. Since the pharmacological and toxicological data for most of these cannabimimetic compounds have not been reported, there are serious health risks involved in their use. Therefore, we are continuously monitoring such compounds in illegal products to prevent their abuse. 
